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document  is  intended  to  facilitate  the  distribution  of 
information  and -re  eowunendationrf  pertain  in?  to  the  funeral 
requirements  for  /Receiver  airplane  installations  to  accomplish 
air  refueling  with  the  KC-135A  /lying  /oom  Ranter# 

The  iaformation  and  recommendations'  in  this  document  represent 
the  current  practice  of  the  Boeing  Company;  however,  even 
though  this  method  of  refueling  h*3  been  used  extensively  far 
more  than  a  decade,  changes  are  still  being  made#  Therefore, 
formating  with  new,  higher  performance  aircraft  may  alter  these 
recommendations  • 


In  the  event  this  document  is  utilized  in  the  design  of 
Receiver  airplane  components  it  is  suggested  that  the  Boeing 
Company  be  contacted  to  be  sure  that  the  data  herein  is  up  to 
date.  It  is  also  suggested  that  during  the  layout  and  design 
stage  of  a  new  installation  that  such  data  he  forwarded  to  the 
Boeing  Company  for  review  of  the  proposed  design. 


Requests  for  data  or  for  interchange  of  design  information 
should  be  forwarded  to: 

The  Boeing  Company 
■  Transport  .'Division 
P.0.  Box  707 
Renton,  Washington 


Attention:  Chief  Project  2ngineer-Militory 

All  rights  as  to  the  duplication  of  this  document,  and  patent 
rights  with  respect  to  the  equipment  described  herein,  are 
reserved  by  the  Boeing  Company,  Renton,  Washington# 
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AIR  REFUELING  WITH  THE  FLY  IN  Q  BOOM 


Inter-relation  of  T taker  and  Receiver 


Successful  r Air  Refueling  is  dependent  upon  the  flight 
characteristics  of  both  tne  Tanker  and  Receiver  aircraft 
while  in  formation,  the  functioning  of  the  Tanker  Be* 
fueling  equipment  and  the  operation  of  the  Reoeiver  Air 
Refueling  equipment*  Since  these  fractions  are  all 
inter-related,  it  is  necessary  that  the  designer  of  the 
Receiver  installation  be  familiar  with  the  Tanker  con¬ 
siderations  as  well  as  those  pertaining  to  the  Receiver# 


1*  The  Flying  Boom  consists  of  a  telescoping  tubular  fuel* 
tight  unit  attached  universally  at  its  forward- end  to 
the  underside  of  the  body  of  the  Tanker  airplane;  with 
a  notale  on  the  aft  end  of  the  telescoping  section  for 
insertion  into  a  suitable  reception  coupling  on  the  upper 
surface  of  the  Receiver  airplane  and  two  control  surfaces 
(ruddevators)  for  maneuvering  the  notzle  into  alignment 
with  the  Receiver  airplane*  Ihe  Tanker  Receiver  relation¬ 
ship  during  refueling  is  shown  by  figure  1-1« 

C*  Performance  Considerations 


In  9'rder  to  attain  and  maintain  the  formating  position 
of  ;the  Taiker  and  Receiver  aircraft  during  air  refueling,  j 

ij  is  essential  that  at  the  speed,  altitude,  weights  and 
formating  positions  at  which  the  operation  will  take  plaee, 

„  Tioth  aircraft  have  power  reserve  and  controllability 
*  adequate  to  provide  the  proper  degree  of  maneuverability, 
rate  of  climb  and  speed  control*  When  formating  with  a 
Flying  Boom  Tanker,  the  adjustments  of  speed  and  position 
required  to  maintain  the  formating  position  are  primarily 
the  responsibility  of  the  Reoeiver  Aircraft,  so  that  It  la 
particularly  important  that  the  Reoeiver  have  good  control  j 
at  the  formating  position  and  speeds,  and  have  no  disturbing 
or  unpredictable  operating  characteristics  at  those  speeds* 

For  example,  If  the  Receiver  has  automatic  wing  slota  or 
automatic  pitch  control  which  would  become  operative  during  j 
formating,  provisions  should  be  made  for  locking  out  the 
automatic  control  with  the  surface  in  the  most  favorable 
position,  to  avoid  sudden  changes  in  the  flight  character¬ 
istics  resulting  Trm  automatic  operation  of  the  controls* 
Stability  and  control  of  the  Receiver  about  all  three  axes 
should  be  good  at  formating  speeds  both  in  and  near  the  boom 
envelope  to  reduce  the  time  required  to  get  into  the  formating 
position*  Speed  control  by  throttles  or  speed  brakes  should  be ! 
rapid,  positive  and  capable  of  fine  adjustment,  to  avoid  over¬ 
run  or  lag  of  the  Reoeiver  with  respect  to  the  Tanker  while 
in  contact  and  tq  facilitate  getting  into  the  formating 
position* 
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I*  AIR  PEFTTBLBia  WITH  THE  FLYIHS  BOOM  (con timed) 

C*  2*  taring  a  normal  Air  Refueling  contact,  the  Tanker  pilot 
maintains  constant  airspeed,  altitude  and  heading  which 
means  that  as  the  Receiver  takes  on  fhel,  an  increasing 
amount  of  power  is  re  tired  by  the  Receiver  to  stay  in  the 
Tanker  envelope*  Since  the  Receiver  Is  operating  in  the 
downwash  of  the  Tanker,  additional  thrust  is  required  to 
stay  in  formation*  These  effects  are  sufficiently  great 
with  some  Receivers  to  require  the  use  of  afterburner  and 
special  techniques  such  as  descent  refueling  in  order  to 
transfer  the  desired  quantity  of  fuel* 

-a  SperailnE  Envelope 

1*  The  Flying  Boon  as  installed  on  the  KC-135A  Tanker  has  certain 
mechanical  and  disconnect  limits  which  are  shown  by  figure  1-2* 
The  position  of  the  boom  in  elevation  and  extension  actuates 
colored  limits  on  a  step  basis  against  a  \4ute  light  back¬ 
ground  which  represent  the  disconnect  limits*  These  lights 
are  located  symmetrically  on  th8  bottom  of  the  Tanker  body 
(see  f inure  1-2)*  These  lisfrts  serve  as  a  graphic  aid  to 
assist  the  Receiver  pilot  in  maintaining  the  opti mm  position 
within  the  boom  envelope*  taring  contact  if  the  Receiver 
position  relative  to  the  Tanker  moves  the  boom  such  that  an 
azimuth,  elevation  or  extension  limit  is  exceeded,  the  Boom 
is  disconnecter*  and  an  automatic  retraction  initiated* 

Automatic  disco  meet  is  also  initiated  whenever  the  fuel 
pressure  in  the  Receiver  refuel  manifold  exceeds  the  pressure 
switch  setting*  Voluntary  disconnect  may  be  effected  at  any 
time  by  the  Hoorn  Operator  in  the  Tanker  or  by  the  Receiver 
Pilot  by  use  of  their  disconnect  switches*  The  Receiver 
Pilot  may  also  effect  a  disconnect  at  any  time  by  reducing 
power*  The  Receiver  then  drops  back  and  the  doom  extension 
limit  is  exceeded  which  initiates  an  automatic  disconnect* 

When  not  in  contact  with  a  Receiver,  the  Boom  Operator  has 
complete  control  at  all  times  of  the  telescoping,  hoisting 
and  directional  movement  of  the  Boon* 

F*  Operating  Features 

1«  The  Flying  Boom  has  a  universal  joint  for  its  primary 
attachment  to  the  Tanker  airplane*  The  Boom  Nozzle  also 
has  a  universal  joint  and  an  erection  spring  at  the  ball 
joint*  The  whole  nozzle  swivels  relative  to  the  telescoping 
tube  at  its  attach  point  which  in  turn  is  a  part  of  a  spring 
and  friction  compression  shock  absorber  unit  that  reduces 
impact  loads  upon  contact*  These  features  together  with  the 
telescoping  action  of  the  Boom  tube  permit  the  relative 
displacement  of  the  Receiver  to  the  Tanker  vertically- 
laterally  and  longitudinally* 

2*  As  mentioned  above,  release  of  the  Boom  nozzle  from  the 
reception  coupling  of  the  Receiver  may  be  effected  in  a 
number  of  ways*  In  every  case  certain  mechanisms  in  the 
Tanker  are  operated  when  the  release  is  Initiated  by 
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I#  AIR  REFUSLIITi  WITH  THE  F  LYIN'!  HOOK  (continued) 

E#  2#  (continued) 

the  Receiver,  or  conversely,  certain  mechanism*  in  the 
Receiver  are  operated  when  the  release  is  Initiated  by  the 
Tanker*  With  the  Flying  Room  Air  Refuel  System  the  link 
which  makes  this  action  possible  is  a  pair  of  induction 
coils,  one  in  the  reception  coupling  and  the  other  in  the 
nozzle#  An  electrical  impulse  in  either  coil  sets  up  a 
corresponding  impulse  in  the  other  coil,  which  after 
amplification,  controls  the  actuation  of  the  necessary 
mechanisms#  The  desim  requirements  and  circuitry  for  this 
vital  link  of  the  Air  Refuel  system  is  described  by  d6-$6J;5# 

A  typical  Tanker  Receiver  relationship  is  shown  by  figure  1-3# 

3#  Both  the  Tanker  loom  Nozzle  and  tte  Receiver  Receptacle  have 
an  integral  shutoff  valve#  These  valves  are  opened  simulta¬ 
neously  by  th*  act  of  formating*  The  optimum  travel  to  open 
the  nozzle  poppet  valve  is  shown  by  figure  1-iio  At  disconnect, 
both  valves  are  closed  by  spring  force*  The  Boom  nozzle  poppet 
valve,  however,  is  permitted  to  close  rapidly  until  almost 
closed  where  it  is  snubbed  to  a  slow  rate  of  closure  for  the 
balance  of  travel#  This  makes  the  total  amount  of  fhel 
spillage  small  and  reduces  the  surge  pressure  (water  hammer) 
in  the  tanker  fuel  system  to  an  acceptable  level  when  the  fuel 
flow  rate  at  the  time  o:  disconnect  is  high# 

ho  "hile  the  Receiver  is  in  contact  with  the  Tanker,  the  Receiver 
can  extend  or  telescope  the  Boom# 

a#  For  normal  operation,  with  the  Boom  telescope  control  lever 

in  the  "Contact”  position, 

(1)  the  force  needed  for  the  Receiver  to e xtend  the  boom 
is  l,bOO  lbs. 

(2)  the  force  needed  to  telescope  the  Boom  is  200  lbs# 

b#  Accidental  or  improper  use  of  the  telescope  control  by  the 

Boom  Operator# 

(1)  Telescope  control  in  "Extend"  while  in  contact  exerts 
a  liiOO  lb*  compression  force  on  the  Receiver# 

(2)  Telescope  control  in  "Retract"  (Receiver  latched  on 
and  within  normal  Tanker  envelope,  with  the  Receiver 
closing  or  stationary  relative  to  the  Tanker)  the 
Tanker  exerts  a  tension  force  of  2000  lbs*  on  the 
Receiv er# 

(3)  Telescope  control  in  "Retract"  (Receiver  latched  on  and 
within  normal  Tanker  envelope,  with  -he  Receiver 
falLing  off  relative  to  the  Tanker)  the  Tanker  exerts 

a  23?0  lb0  tension  force  on  the  Receiver# 
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TARKE3  -  RECEIVER  ELECTRICAL  MARRIAGE 
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*<rR  RF*T?ELINO  V/ITH  THE  FLYING  BOOM  (continued) 

k#  5*  Tto  Boon  recoil  assembly  is  a  coil  spring  and  friction  brake 
unit  designed  to  reduce  the  impact  load  on  the  receiver  from 
a  normal  contact  (sec  figure  1-5)#  oince  the  effect  of  impact 
loads  on  the  Receiver  structure  is  also  a  function  of  the 
spring  rate  of  the  receptacle  installation  the  following  Boom 
data  is  listed  for  use  in  impact  calculations? 

(a)  The  total  weight  of  the  telescoping  unit  (tube*  surge  boots, 
liners,  recoil  unit,  nozzle,  fuel,  etc#)  is  315  pounds# 

(1)  Of  this  315  pound  total  weight,  53  pounds  are  not 
affected  by  the  reCoil  unit# 

(b)  The  preload  on  the  recoil  spring  is  1*35  t  U*  pounds#  The 
spring  rate  is  100  pounds  per  inch#  The  maximum  recoil 
travel  is  2#  80  inches# 

(c)  The  brake  unit  exerts  a  snubbing  force  of  300  ijjJjj}  pounds 

This  force  is  exerted  on  both  compression  and  extension 
of  the  recoil  unit# 

(d)  The  extension  rate  of  the  telescoping  tube  is  limited  by 
means  of  a  hydraulic  flow  limiter  to  r  maximum  of  b  feet 
per  secondo 

(e)  The  telescoping  tube  retraction  rate  is  limited  hydraulical¬ 
ly  to  a  maximum  of  10  feet  per  second#  This  limit  is 
active  both  on  a  manual  and  automatic  retraction# 

F#  Formating  Procedure 

After  the  Tanker  and  Receiver  have  established  visual  contact 
through  use  of  rendezvous  equipment  and  the  Receiver  is 
approximately  one-half  mile  away  the  Boom  operator  lowers  the 
boom  to  the  trail  position#  Except  during  Radio  silence,  the  Boom 
Operator  contacts  the  Receiver  and  states  "Tanker  Ready"  when  the 
Receiver  reaches  the  observation  position#  From  this  point  the 
Boom  Operator  talks  the  Receiver  into  the  formating  position# 

When  the  Receiver  is  in  a  good  formating  position,  and  stable, 
the  Boom  Operator  extends  th«  Boom  and  seats  the  Boom  in  the 
receptacle#  The  Boom  Operator  then  reports  "Tanker  Contact"# 
Normally  the  Tanker  fuel  panel  is  set  up  by  the  co-pilot  bo  that 
fuel  transfer  is  started  by  the  signal  system  upon  contact# 
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XX*  KC-135A  FLYING  BOOM  TANKER 


A*  The  Airplane 


1*  The  KG-135A  is  a  four  engine,  swept  vinr,  long  range,  high 
altitude,  high  speed  airplane  that  is  primarily  a  Tanker  but 
way  also  be  used  as  a  cargo  carrier  or  ;»  transport* 

The  normal  crew  consists  of  a  pilot,  c<" 

Boom  operator*  As  a  Tanker,  the  Boom 
major  portion  of  the  175,000  to  195,000  > 
other  airplanes  for  refueling  in  flight*  . 
transferred  is  a  function  of  type  of  mission 
performing*  Figure  1-6  shows  the  effect  of 
able  fuel* 


navigator  and 
“•-insfer  a 
„oad  to 
of  fuel 
e  Tarker  is 
on  transfer- 


2*  The  KC-135  airplane  is  equipped  with  two  different  Hying 
Boom  configurations*  The  original  configuration  designated 
the  Standard  Boom  limits  the  airplane  3peed  with  the  been  down* 
The  latest  configuration  designated  the  Hi-Speed  Boom  has  the 
same  speed  limits  as  the  airplane  in  a  clean  configuration* 

These  limits  are  shown  hy  figure  1-7*  A  system  schematic  for 
the  Boom  is  shown  by  figure  1-3* 

3*  The  air  refuel  fuel  system  on  the  KOI 35 A  Tanker  consists  of 
U  hydraulically  driven  pumps  located  in  the  forward  and  aft 
body  tanks  manifolded  into  the  Boom  through  a  pressure 
regulating  valve  and  a  flowmeter*  A  schematic  of  the  air 
refuel  fuel  system  is  shown  by  figure  1-9*  The  entire 
airplane  fuel  system  in  designed  and  calibrated  for  JP-h  in 
accordance  with  MIL-*J-562l4*  However,  alternate  fuels  can  be 
used  for  both  air  refueling  other  aircraft  and  by  the  Tanker  * 
When  these  alternate  fuels  *re  used  by  the  Tanker  certain 
compromises  on  performance  and  limitations  result*  A  tabulation 
of  alternate  fuels  and  their  limits  on  the  Tanker  is  shown  by 
figure  1-10* 


>4*  The  rate  of  fuel  transfer  is  controlled  by  the  operation  of 
one,  two,  three  or  four  refueling' pumps  plus  the  effect  of 
the  fuel  pressure  regulator  in  the  Tanker.  With  this  method 
of  control  the  pressure  loss  from  the  Receiver  for  any  flow 
condition  plays  an  important  part  in  the  total  flow  rate0  A 
plot  of  pressure  vs  flow  rate  is  shown  by  figure  1-11* 

5*  A  set  of  Receiver  pilot  director  lights  is  located  symmetrically 
on  the  bottom  of  the  Tanker  (soe  figure  1-2).  These  lights 
assist  the  Receiver  pilot  in  mai*-  lining  a  nominal  formating 
position*  They  are  most  effect!  for  Receiver's  having  a 
receptacle  located  aft  of  the  pilot’s  line  of  vision*  Tht.  Boom 
telescoping  tube  is  color  banded  for  those  Receivers  having 
the  receptacle  in  front  of  the  pilot*  For  night  refueling 
the  pilot  director  lights  and  floodlights  which  silhouette  the 
Tanker  are  used0  These  lights  are  shown  by  figure  1-120 
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CONDITIONS* 

MKT  CLIMB 

Id  MINUTE  RENDEZVOUS  AT  END  OF  INITIAL  CLIMB 

m  MAXIMUM  RANGE  CRUISE 

Rl  FUELING  ACCOMPLISHED  BETWEEN  25.000  AND 
*5,000  FT  ALTITUDES  AT  WO  GPM 

NORMAL  DESCENTS 

LANDING  WEIGHT  =  107.000  LB 

ALL  FUEL  CONSUMPTION  INCREASED  9%  FOR 
SERVICE  TOLERANCE 

REFUELING  ACCOMPLISHED  AT  450  TAS  OR  BOOM 
PLACARD  WHICHEVER  IS  LOWER 

ICAO  STANDARD  DAY 

BUDDY  MISSION 
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GIVFN! 

ToheoH  weight  -  275,000  LB 
Rendeivoer*  •»  end  o(  tenker  initial  climb 
C  triplet*  refueling  2500  NAM  hr**  bate 

FINDi 

la.  Mlnimuei  Greet  Weight  at  and  »f  refueling  to  ellew 
return  2500  NAM  ta  feat* 

b.  YraetferoUe  lw*l 

2a.  Minimum  Grot*  Weight  at  end  *f  refueling  to  eliew 
tanker  ta  proceed  1000  NAM  t*  eltemete 

b.  Trsntfereble  fuel 

SOLUTION  i 

la.  At  2500  NAM  minimum  Crete  Weight  -  145,200  LB 
b.  Greet  Weight  leer  feel  weed  deting  frontier  ~  196,100 
LB  T 'on tier  feel  196,800  -  145,200  51,600  LB 

2a.  Af  1000  NAM  minima*  Greet  Weight  =  121,000  LB 
b.  At  2500  NAM,  Crete  Weight  lett  fuel  tried  during 
trtntfer  -  196,800  l  3  Trantler  Ive!  196,800  - 
121,000  75,800  LB 
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II*  KC-135  FLYING  DOOM  TANKER 

A*  6*  The  performance  of  the  KC-135A  as  a  Tanker  is  shown  by 
figure  1-6*  This  same  plot  shows  the  effect  of  gross 
weight  at  the  time  of  transfer  on  performance*  A 
representative  downwash  field  for  the  KC-135A  is  shown 
by  figures  1-13,  1-lh#  1-15  and  1-16*  Figure  1-13  serves 
as  a  legend  for  figures  1-lk,  1-15  and  1-16  which  are  plots 
of  the  downwash  in  a  plane  parallel  to  a’ vertical  plane 
thru  the  Tanker  center  line*  The  downwash  angles  are  of 
particular  concern  to  the  Receiver  because  they  require  a 
constant  climb  angle  to  overcome* 

7*  Figure  1-h  shows  the  pertinent  dimensions  of  the  Boom  nozzle« 
Figure  1-5  gives  the  clearance  dutline  of  the  Boom,  relative 
motion  points  and  other  information* 

8*  The  KC-135A  has  certain  rendezvous  electronic  equipment  which 
aids  formating  at  ranges  up  to  200  miles*  This  equipment 
falls  into  two  categories i 

(a)  Communication  transmitter  to  direction  finder* 

(b)  Search  radar  to  radar  beacon* 

The  particular  Tanker  equipment  and  the  required  Receiver 
equipment  to  establish  one  of  these  links  is  listed  by  figure 
1-17*  It  is  recommended  that  Receivers  be  capable  of  completing 
at  least  two  of  the  links  lifted  in  this  chart0 

9o  In  addition  to  the  equipment  listed  by  figure  1-17  the  Tanker 
has  numerous  electronic  navigational  aids*  This  equipment 
makes  it  possible  for  the  Tanker  to  locate  and  orbit  within 
any  predetermined  area  without  depending  upon  ground  based 
navi  rational  aids0 
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III.  FLYING  BOOM  RECEIVER  INSTALLATIONS 

A.  Receiver  Receptacle  Location 

1#  The  air  refueling  receptacle  in  the  Receiver  must  be  located 
with  due  consideration  of  the  problem  of  space*  structure* 
other  equipment  and  proximity  to  the  Receiver  fuel  system. 

In  addition*  requirements  relative  to  the  format! nr  condition 
and  Boom  limitations  must  also  be  considered. 

2.  Receptacles  located  in  the  nose  of  the  Receiver  ahead  of  the 
pilot  seem  to  offer  the  optimum  control.  The  second  most 
desirable  location  is  on  the  top  of  the  body  just  aft  of  the 
pilot.  Other  locations  such  as  leading  edge  of  the  w  ing  and 
top  of  the  body  aft  of  the  wing  have  been  less  desirable. 
Reinforcement  of  the  skin  adjacent  to  the  slipway  is  recommended 
to  minimize  damage.  Also,  if  the  receptacle  is  close  to  and  in 
line  with  the  pilct!s  windshield,  bullet  proof  glass  should  be 
considered. 

Bo  Receiver  Pilot  Vision 

1.  The  Receiver  pilots  should  have  the  best  possible  vision  of  the 
Tanker  while  in  the  formating  positionj  particularly  of  the 
pilot  director  lights  or  other  means  of  holding  the  tight 
formation  required.  Structural  members  between  windows  should 
not  blank  out  vision  of  Tanker.  V/indows  which  distort  because 
they  are  not  normal  to  the  line  of  vision  should  not  be  used 
for  any  part  of  the  formating  envelope.  For  large  Receiver 
Aircraft  consideration  should  be  given  to  pilot  fatigue  resulting 
from  upward  vision  for  extended  periods  of  time.  Any  lights 
monitored  during  contact  should  be  placed  as  c3.ose  as  possible 
to  the  line  of  vision. 

C.  Detail  of  Receptacle  and  Slipway 

1.  Clearance  rmist  be  provided  between  the  boom  and  the  Receiver 
throughout  the  formating  envelope  as  shown  by  figure  1-2. 

For  clearance  dimensions  for  Boom  nee  figure  1-5.  In  addition 
sufficient  width  should  be  provided  at  the  entrance  of  the 
slipway  to  assist  the  Boom  operator  in  rough  air.’  A  width  of 
30  inches  is  considered  desirable  for  large  Receivers,  while 
20  Inches  is  adequate  for  small  maneuverable  Receivers.  The 
optimum  slipway  consists  of  two  distinct  areas:  A  forward  area 
which  must  clear  the  boom  under  all  operational  conditions  and 
a  short  transition  area  which  positions  the  nozzle  head  under 
adverse  conditions.  The  forward  area  should  clear  the  boom  by 
a  minimum  of  5  degrees  for  any  angle  within  the  contact 
envelope  as  shown  by  figure  1*»2.  This  5  degree  minimum  clear¬ 
ance  should  also  include  any  movement  of  the  Receiver  relative 
to  the  Tanker  -  i.e.  high  angle  of  attack  or  trim  from  flaps 
being  down.  The  dimensions  for  the  transition  area  are  shown 
by  figure  1-lB.  The  sides  of  the  slipway  should  be  nmooth  arxi 
high  enough  to  guide  the  nozzle  into  the  receptacle.  Normally 
the  slipway  is  covered  with  a  door  to  reduce  drag.  If  the 
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doors  are  not  visible  to  the  crew  mm  typo  of  door  Indication 
should  be  provided  for  open,  closed  and  locked* 

2*  Figures  1*19  and  1*20  shcv  two  typical  types  of  slipway 

installations*  The  angle  at  which  the  receptacle  is  inclined 
on  the  Receiver  is  determined  by  rsferenel&g  all  normal  change* 
in  the  Receiver  angle  of  attack  while  in  contact  to  the  Tanker 
airplane  center  line  in  a  composite  layout*  With  smallest 
Receiver  angle  of  at  fade  at  the  Tanker  lower ,  outer  limit 
(U)°  and  551  inches  figure  1-2)  as  one  extra*  and  the  largest 
Receiver  angle  of  attack  at  the  Tarter  upper,  inner  limit 
(20°  and  bOb  inches  figure  1*2)  including  effect  of  dowmash 
the  optimum  receptacle  angle  will  be  such  that  the  boom  nozzle 
l£  straight  midway  between  these  limits*  The  receptacle  should 
be  mounted  in  such  a  manner  that  a  plane  through  its  vertical 
centerline  is  parallel  to  the  vertical  plane  of  symmetry  of  the 
airplane*  A  check  should  be  made  to  determine  that  the  total 
motion  does  not  exceed  the  nozzle  allowables  as  shown  by 
figure  1-5* 

3*  In  addition  to  air  loads  and  other  loads  normally  imposed  on  tin 
aircraft  structure,  the  slipway  and  its  doors  must  be  designed 
for  Impact  loads  Imposed  by  contact  with  the  nozzle*  These 
requirements  will  vary  with  the  type  cf  installation  and 
anticipated  operating  conditional  however,  an  ultimate  design 
load  of  2000  pounds  laterally  and  5000  pounds  vertically  is 
recommended* 

It*  The  receptacle  transmit®  loads  into  the  Receiver  under  the 
following  conditions ? 

(a)  At  contact,  compression  due  to  the  impact  of  the  Boom 
nozzle* 

(b)  During  contact,  compression  or  tension,  as  the  Boom  is 
compressed  or  extended  with  relative  motion  of  the  two 
aircraft,  plus  a  part  of  the  air  load  reaction  on  the 
Boom* 

(c)  Under  the  following  emergency  conditional  Tension  with 
a  failure  of  the  toggle  release  mechanisms  compression 
with  a  failure  of  the  release  mechanism  while  the  Receiver 
is  in  an  overrunning  condition  and  bottoming  of  the  Boom© 

5*  The  receptacle  attachment  structure  should  be  capable  of  with¬ 
standing  the  following  design  loads* 

(a)  A  load  of  x  2  tension  applied  at  the  ball  joint 

of  the  Boom  nozzle  where  the  angle  A  may  vary  from  0  to 
30  degrees  maximum* 
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miK  BOOH  RECEIVER  INKTALUTI0I6 
C*  5*  (eenttaitd) 

(b)  A  load  of  20,000  lbs*  compression  applied  at  tbs  Bom 
nozzle  ball  joint*  is  a  direction  at  an  angle  B  with 
respect  to  the  receptacle  axis  where  angle  B  wxini  • 

17  degrees  as  shown  by  figure  1-18* 

(c)  A  lead  of  .  x  3  compression  or  tension  applied  at 

the  Boon  no  sale  ball  joint*  in  a  direction  at  an  angle  C 
with  respect  to  the  reoeptacle  axis*  where  maximum  angle 
C  •  17°,  combined  with  a  ttxel  pressure  of  125  pel  x  3a 

6*  The  slipway  and  receptacle  joint*  must  of  coarse*  be  fuel  tight* 
The  use  of  ”0N  rings  and  suitable  sealants  are  suggested*  It 
is  advisable  not  to  use  paint  in  the  slipway  to  avoid  oontaa- 
ination  of  the  fhel  from  particles  peeling  or  flaking  off*  The 
use  of  hard  coat  is  suggested  for  alumimni  because  it  is  non 
reflective  as  well  as  a  good  surface  treatment* 


D*  Receiver  fcfhel  Systm 

1*  A  typical  air  refuel  system  schematic  including  fuel*  hydraulic* 
electrical  and  mechanical  elements  is  shown  by  figure  1-21* 


(a)  The  use  of  dual  element  level  control  valves  to  control 
the  shutoff  of  flow  to  the  tanks  as  they  fill  is  shown* 
Additional  manual  or  remote  control  valves  monitored  by 
the  pilot  or  flight  engineer  may  be  desired* 


(b)  Means  for  protecting  the  Receiver  fuel  system  from 

excessive  pressures  in  the  event  of  a  malfunction*  This 
is  normally  done  by  use  of  a  pressure  switch  connected 
into  the  Receiver  signal  system  which  initiates  a  disconnect 
if  a  preset  pressure  value  is  exceeded* 

(e)  Line  sizes,  angles  of  bend,  fitting  configurations  and 
other  items  which  produce  pressure  losses  should  be 
controlled  so  that  with  the  pressures  available  from  the 
Tanker  the  Receiver  manifold  system  will  allow  the  desired 
flow  rate*  See  figure  1-11  for  plot  of  pressure  vs  flow 
for  the  Tanker* 


(d)  The  use  of  3000  psi  hydraulic  power  from  either  one  of  two 
systems  as  the  prime  mover  for  doors  and  toggles  ie  shown 
schematically  by  figure  1-21*  Remote  oontrol  of  the  valvee 
or  this  system  is  accomplished  electrically* 

(e)  The  electrical  circuitry  necessary  for  the  all  important 
signal  amplifier  as  well,  as  remote  operation  of  valves* 
switches  and  indicator  lights  is  shown  dia grammatically 
by  figure  1-21  along  with  the  hydraulic  and  fuel  elements* 
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K,  Slipway  and  Receptacle  Praia* 

1«  It  to  desirable  to  enclose  the  slipway  mad  receptacle  to  a  fluid 
tight  Structure,  Drainage  Is  routed  frost  the  tow  point  or 
points  in  this  structure  to  *  suitable  low,  low  pressure  ares 
so  that  it  will  spill  into  the  slipstream  without  re-entering 
the  aircraft o 

Fo  Special  Provisions  for  Air  Refueling  Receivers  | 

!•  All  manifolds  connections,  fittings  and  equipment  should  be 
suitable  for  the  flow  rate  required,  If  the  ffcel  shat-eff 
valving  used  is  fast  closing,  suitable  surge  suppression  should 
l*  provided  since  the  total  fuel  column  length  from  the  Tinker 
pumps  to  the  Receiver  is  long. 


2,  The  path  of  fhel  spilled  in  or  near  the  slipway  and  the 

possibility  of  obscuring  the  pilot's  vision,  navigation  windows 
or  other  equipuent  items  should  be  considered, 

0,  Night  Lighting  Provisions 


* 


1,  To  enable  satisfactory  ni#it  refueling,  provision  should  be 
made  for  the  illumination  of  those  areas  of  the  Reoelver 
aircraft  which  will  enable  the  3ooa  operator  to  judge  the 
position  and  alignment  of  the  Receiver  aircraft.  The  oartieuXai 
areas  requiriw?  illumination  ares  ^ 

(a)  Slipway,  and  receptacle, 

(1)  2  slipway  and  one  receptacle  limits  are  reccmfegno^, 

(b)  Receiver  upper  body  surface  aft  of  slipway, 

(c)  Receiver  wing  leading  edge  and  upper  surface,  - 

(d)  The  area  immediately  forward  of  the  slipway,  JLf  practical* 

?,  Particular  precaution  should  be  taken  to  avoid  aipr  direct  or 
reflected  light  which  might  shine  into  the  Boom  operator's  eyt% 

3#  Suitable  brightness  control  should  be  provided  for  all  exJjetfaCL 
Air  refuel  lighting  to  allow  for  the  relatively  wide  variations 
in  the  amount  of  sky  illumination  on  the  Receiver,  from 
partially  overcast  early  dusk,  to  full  black  conditions. 


i- 
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